Engineering aims to provide technical processes (TP) and technical systems (TS) to solve a specific task. The human aspects of designing to establish these TP and TS include action modes, expertise, and competencies. These lead to a conclusion that systematic and methodical design engineering is essential.
Introduction
Engineering in general has aims that are different to science, the name alone indicates a part of that difference -'engineering' implies a verb, an activity to produce something useful, 'science' implies a noun, a body of codified knowledge. Engineering aims to provide processes and technical systems to solve a specific task, to help in performing a desired transformation process, independent of the degree to which the applied phenomena are understood, especially in their interactions. The main regions of activity for engineering are designing, manufacturing/implementing, operating, procuring and supervising. Among these, design engineering as an activity is probably least understood, its investigation only reaches back about 70 years [1, 2] . Previous papers have highlighted some aspects [3, 4, 5, 6, 7, 8] Various aspects need to be explored in order to justify the need for students to learn systematic and methodical design procedures during their education.
Human Aspects Of Design
Designing in engineering has technical, economic, human, sociological and psychological dimensions, see figure 1 , which needs aspects, context and consequences of psychology. Even the human dimension has several aspects which together characterize the processes and activities of design engineering. These should be understood as near-orthogonal scales which combine to provide this characterization.
Action Modes
According to Müller [9] , human designers exhibit three kinds of action modes in design engineering:
(a) Normal operation (intuitive, second nature procedure, routine) runs activities from the subconscious in a learned and experienced way, at low mental energy, giving an impression of competence [11, 12, 13] . If difficulties arise, the action departs from the normal, and higher mental energy is needed. (b) Risk operation uses the available experiences (and methods) together with partially conscious rational and more formalized methods, in an unplanned 'trial and error' behavior (but see comments in section 2.2, which can occasionally be very effective. (c) Safety or rational operation needs conscious planning for systematic and methodical work, with conscious processing of a plan, because competence is in question, but this mode must be learned before attempting to use it. Forms (a) and (b) are obviously also available to industrial designers and practitioners of integrated product development. Normal, routine, operation is mainly preferred and carried out by an individual. Risk operation tends to demand team activity, the task becomes non-routine, consultations can and should take place -'bouncing ideas off one another', obtaining information and advice from experts, reaching a consensus on possibilities and preferred actions, etc. Consultations are best if the participants are of approximately equal experience or status, or if there is a large gap in experience from questioner to consultant. Personal contact tends to be quicker at lower mental energy than obtaining information from (written) records [14, 15] . Non-routine situations often produce critical situations in a design process [16, 17, 18, 19] , e.g. during: (a) defining the task, analysis and decisions about goals; (b) searching for and collecting information, recorded or remembered, (c) searching for solutions; (d) analyzing proposed solutions; (e) deciding about solutions; (f) managing disturbances and conflicts, individual or team. As a problem of design engineering appears less routine, for risk and safety operation, designers need advice how they can proceed to overcome the barriers. Design engineering, especially with the help of Engineering Design Science [1, 2, 20] , offers several theories, models of transformation processes and technical systems, methods derived from these theories, and other pragmatically developed methods, that are generally not available to artistic design disciplines. But these models and methods must have been learned, and be sufficiently familiar to the designer before he/she attempts to use them on a serious problem -a problem for education. It is only in safety/rational operation using a theorybased systematic and methodical approach [1, 2] that a full record of all transactions and decisions can be generated and recorded. Normal and risk operation requires a post-hoc recovery of this information to generate a reasonably full record. Systematic design engineering is the heuristic-strategic use of a theory to guide the design process. Methodical design engineering is the heuristic use of newly developed and established methods in engineering design, including theory-based and 'industry best practice', strategic and tactical, formalized and intuitive methods. The proportion of systematic, methodical work should ideally be increased, especially for team consultations. This methods-conscious mode of working, and appropriately documented results, should be demanded by higher management.
Expertise
As adapted from Dorst [21] , Hubert Dreyfus [22, 23] distinguishes seven levels of expertise, corresponding with seven ways of perceiving, interpreting, structuring and solving problems within an amalgam of three worlds -a theory world, a subjective internal world, and an objective external world:
1. Novice: A novice will consider the objective features of a situation, as they are given by the experts, and will follow strict rules to deal with the problem. 2. Advanced Beginner: For an advanced beginner the situational aspects are important, there is a sensitivity to exceptions to the 'hard' rules of the novice. Maxims and heuristics [24] are used for guidance through the problem situation. 3. Competent: A competent problem solver selects the elements in a situation that are relevant, and chooses a plan to achieve the goals. This selection and choice can only be made on the basis of a much higher involvement in the design situation than displayed by a novice or an advanced beginner. consciously strives to extend the domain in which he/she works. The world discloser develops new ways things could be, defines the issues, opens new worlds and creates new domains. To do this a world discloser operates more on the margins of a domain, paying attention to other domains as well, and to anomalies and marginal practices that hold promises for a new vision of the domain. Vladimir Hubka was obviously a visionary in this sense with respect to design engineering, its products and its processes [1, 2, 20] . The last sentence of item '3. Competent' needs further clarification. Progress from one level to a next higher level requires some added learning and reflection -formal or informal learning by experience, obtaining relevant information from other people or publications, etc. This learning must of necessity include both object information about the product being designed, and design processes information, preferably in a non-threatening (educational) environment, i.e. to achieve an improvement of the mind-internalized theory. The 'trial and error character' is only an apparent phenomenon, it reflects a normal/routine level of operation [15] where the applied theories, steps and methods are no longer conscious and externally recognizable. For this reason it becomes difficult (e.g. in an educational situation) to perform an examination of the existing internalized design process knowing of a designer. An 'intuitive' response, as claimed for the '5. Expert', is also more or less to be expected at all levels of expertise, as the relevant theory and method becomes well enough internalized to run routinely, and examination becomes more difficult. Only a few engineering designers need to reach the highest levels -but all engineering graduates should be exposed to this discipline of Engineering Design Science [1, 2, 20] . Especially for design engineering, the theories, models and methods of Engineering Design Science offer a basis for organizing, acquiring and understanding this knowledge in context. Any one designer necessarily shows different levels of expertise for different types of problem, and progression through these levels is not uniform. Especially in critical situations, and situations where risk or safety operation becomes necessary, the local level of expertise is low. For the novice, almost all problems appear as requiring risk or safety operation.
Competencies
Engineering education, and continuing learning during practice (see also [25] ) should aim to achieve several competencies of engineers, technologists, technicians, etc., in analyzing and (more importantly) in synthesizing (designing) technical systems. This requires knowing, internalized information of objects and design processes, and awareness of where to find recorded and experiential available information. Competencies includes [11, 12, 13] :  heuristic and practice related competencyability to use experience and precedents [26] , design principles [2, 27] , heuristics [24] , information and values (e.g. of technical data) as initial assumptions and guidelines, etc.;  branch and subject related competencyknowledge of a TS-'sort' within which designing is expected (completed during employment); typical examples of TS-'sorts' should be included in education (i.e. in addition to conventional and newer machine elements, e.g. electronic), and should also show the engineering sciences, pragmatic information, knowledge and data [28, 29] , and examples of realized systems;  methods related competency -knowledge of and ability to use methods, following the methodical instructions under controlled conditions, and eventually learning them well enough to use them intuitively -for diagnostics, analysis, experimentation, information searching, representing (in sketches and computer models), creativity [9] , innovative thinking, and systematic synthesizing [30, 31, 32] ;  systems related competency -ability to see beyond the immediate task, analytically / reductionistically and synthetically / holistically, to take account of the complex situation and its implications, e.g. life-cycle engineering [33, 34, 35, 36, 37, 38] , or economics;  personal and social competency -including team work, people skills, trans-disciplinary cooperation, obtaining and using advice, managing subordinates, micro-and macroeconomics, social and environmental awareness, and cultural aspects, etc. [39] ; and the associated leadership and management skills; and  socio-economic competency -including awareness of costs, prices, returns on investment, micro-and macro-economics, politics, entrepreneurial and business skills, etc. These competencies are related to creativity. Methods-related competency is probably the least emphasized among the skills and abilities acquired during the usual educational curricula in engineeriug, followed closely by personal/social and socioeconomic competencies. Even the heuristic and branch-related competencies are swamped by the emphasis on analytical mathematical tools. When a method is well known to the designer, it can at best be run from the sub-conscious, and the users can then even deny that they are using the method -a 'routine' action mode. For the other action modes, it is necessary for engineering designers to learn methodology during their engineering education. Then the methods are familiar enough to apply, even if there is resistance from a supervisor. Learning 'on the job' is difficult, unless it is supported by management. The beneficial results of teaching design methodology have been demonstrated [40,41 42,43] , after 25 years of teaching, and after some graduates entered industry as engineering designers. A good understanding of the method and its underlying theory is important for theory_based methods [1,2,,20,27] . Then the procedure that is prescribed or recommended for the method makes more sense, therefore producing less stress, and a better direction towards the goals.
Closure
Design engineering is such an important element of human activity, that it should feature in all years of study in engineering education. Systematic and methodical working to enable creativity should be learned in a relatively 'safe' environment, before any situations of risk or rational operation arise. This then supports life-long learning to allow a practitioner to move higher in the scale of expertise and competencies. The understanding delivered by EDS as basis should also help to coordinate the subjects in a curriculum.
